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REMARKS 



This Amendment and Response is submitted in response to the Office Action mailed 27 February 
2002. ClaimsH, 14, 15, 19, 20, and 28-50 are pending in the application, claims 12, 13, 16-18, and21- 
27having been cancelled by this amendment, and claims 28-50 having been added by this amendment. 
Claims 11-27 were finally rejected in the Office Action mailed 27 February 2002. Withdrawal of the 
rejection and reconsideration with an eye toward allowance is respectfully requested in view of the 
amendments and arguments detailed below. A marked-up version of paragraphs and claims amended 
as above is attached herein, entitled Version with Markings to Show Changes Made. For the 
Examiner's convenience, a clean copy of all pending claims is attached, entitled "Appendix A: Pending 
Claims" Support for the above claim amendments can be found throughout the originally filed 
specification, claims and drawings. For example, support for amendments to claim 1 1 can be found on 
page 94, line 16 - page 95, line 9ySupport for new claims 28-35 can be found on pages 111-114. 

Sequence Listing 

The sequence listing filed on 23 January 2002 failed to comply with the requirements of 37 C. F. R. 
§1 .825 due to a damaged disk. Applicants enclose herein a floppy disk containing the sequence listing 
in computer readable form. The computer readable sequence listing was prepared through use of the 
software program 'Patentln' provided by the PTO. The information contained in the enclosed computer 
readable disk is identical to that of the paper copy which was filed by the Applicant on December 20, 2001 
and contains no new matter. Applicants trust that the sequence listing now complies with 37 C.F.R. 
§1.825, and the objection will be withdrawn. 

35 U.S.C. §112 Rejections 

Claim 16 was rejected under 35 U.S.C. §1 12, second paragraph, as being indefinite for failing to 
particularly point out and distinctly claim the subject matter which applicant regards as the invention. The 
Examiner states that the term "higher harmonic analysis" in claim 16 is not defined by the claim, the 
specification does not provide a standard for ascertaining the requisite degree, and one of ordinary skill 
in the art would not be reasonably apprised of the scope of the invention. Applicants respectfully disagree. 

First, Applicants reiterate their position that the term 'higher harmonics' is well known in the art, 
specifically in the generalized field of signal processing. In general, a time-varying signal can be 
expressed as a sum of components, each having a different frequency. One of these components is 
generally the 'fundamental component', and the others 'harmonics'. Exciting a system with an input signal 
having a particular frequency, may yield a response at the input 'fundamental' frequency as well as other 
'harmonic frequencies'. Components of the response at the harmonic frequencies are generally referred 
to as harmonics. Applicants draw the Examiner's attention to an introductory signal processing text, W. 
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M. Siebert "Circuits, Signals, and Systems," 1986 (a portion of which is attached herein as Exhibit A). On 
page 375, the terms 'fundamental' and 'harmonics* are described with reference to signal components. 
Indeed, the text identifies the classical nature of these terms as deriving from the relationship with musical 
consonances, and having been introduced by Sauveur in 1 704. Other references may be readily provided 
should the Examiner require further objective evidence of the widespread acceptance of the term 
"harmonics", or "higher harmonics" in the art. 

The Examiner further states that since the specification shows that the higher harmonic 
frequencies can range from second to tenth harmonics or greater (page 94), there is no standard for the 
higher harmonic signal. Applicant respectfully disagrees. On page 92 of the specification, Applicants 
clearly state the motivation for analyzing higher harmonic components. The background capacitance (or 
noise), responds linearly to AC signals, thereby producing very little signal at higher harmonic frequencies. 
In contrast, the desired signal (for example, ferrocene response) is non-linear. Therefore, at the higher 
harmonic frequencies, the signal-to-noise ratio is improved. One skilled in the art would readily appreciate 
that the choice of which harmonic frequency (2nd, 3rd, 4th, 5th, etc) to utilize is determined by identifying 
the harmonic frequency at which the signal strength and signal-to-noise ratio are such that the signal can 
be identified. Accordingly, Applicants request withdrawal of the 35 U.S.C. §112 rejection. 

35 U.S.C. §1 02(e) Rejections 

Claims 1 1 and 13 were rejected under 35 U.S.C. §1 02(e) as anticipated by, or, in the alternative, 
under 35 U.S.C. §1 03(a) as obvious over Megerle (U.S. Patent No. 5,874,046) in light of Meade (U.S. 
Patent No. 6,013,459). As a preliminary matter, Applicants respectfully note that a 35 U.S.C. §102 
rejection over two references is generally improper. 

Megerle is directed toward a sensor system where the electrical conductance through oligonucleic 
sequences affixed to electrodes is measured using voltammetry, pulse polarography, and/or impendence 
measurements (col. 6). Megerle discusses the signal intensity in col. 12. Specifically, Megerle notes that 
the signal intensity may become too low to detect in certain systems. Megerle discloses boosting the 
signal intensity for a relatively long target sequence by employing several oligonucleotides coded for 
different portions of the same target sequence. 

In contrast, the present invention exploits the non-linearity of the assay complex response to 
achieve an improved signal-to-noise ratio in the harmonic components of the signal. Accordingly, claim 
1 1 recites "applying an input waveform to said electrode to generate an output waveform comprising a 
harmonic component", "detecting said output waveform at said electrode", and "analyzing said harmonic 
component to determine the presence of said target analytes". Applicant notes that claim 13 has been 
amended to depend from, and include all limitations of, claim 11. 
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An anticipation rejection requires that a single reference expressly or inherently disclose each and 
every element of a claim. In re Paulsen, 31 USPQ2d 1671, 1673 (Fed. Cir. 1994); MPEP § 2131 (citing 
Richardson v. Suzuki Motor Co., 9 USPQ2d 1913, 1920 (Fed. Cir. 1989)). Additionally, the reference must 
enable and describe the claimed invention "sufficiently to have placed it in possession of a person of 
ordinary skill in the field of the invention." 31 USPQ2d at 1673. To be enabling, the reference must teach 
the skilled artisan how to make and use the full scope of the claimed invention without undue 
experimentation. See Genentech Inc. v. Novo NordiskA/S, 42 USPQ2d 1001, 1004 (Fed. Cir. 1997). 

As discussed above, Megerle^does not teach or djsclose a method for improving signal intensity 
that invplves^apf^yjpg^ generate an output waveform i comprising 

aharmo^ harmonic component tojdetermine the presence of said target 



analytes^asJa^lamnJM, norjareJb^e Jimftations jnh in cyclic voltammetry. Therefore, 

Applicants respectfully request that the 35 U.S.C. §1 02(e) rejection of claims 1 1 and 1 3 over Megerle be 
withdrawn. 

35 U.S.C. §103(a) Rejections 

The Examiner indicated that claims 11 and 13 may be alternatively rejected under 35 U.S.C. 
§1 03(a) over Megerle in view of Meade. 

Megerle is discussed above. 

Meade is directed toward the detection of analytes, and discloses a variety of electronic 
techniques that may be utilized to interrogate an electrode comprising redox active molecules. 

When rejecting claims under 35 U.S.C. § 103, the Examiner bears the burden of establishing a 
prima facie case of obviousness. See, e.g., In re Be//, 26 USPQ2d 1529 (Fed. Cir. 1993); M.P.E.P. 
§ 2142. To establish a prima facie case the prior art must provide one of ordinary skill with a suggestion 
or motivation to modify or combine the teachings of the references relied upon by the Examiner to arrive 
at the claimed invention. Furthermore, the prior art, either alone or in combination, must teach or suggest 
each and every limitation of the rejected claims. The teaching or suggestion to make the claimed 
invention, as well as the reasonable expectation of success, must come from the prior art, not Applicant's 
disclosure. In re Vaeck, 20 USPQ2d 1438 (Fed. Cir. 1991); M.P.E.P. § 706.02Q). If any one of these 
criteria is not met, prima facie obviousness is not established. Applicants submit that neither reference, 
taken alone or in combination, teaches or suggests the use of harmonics. 

Applicants submit that Meade fails to disclose advantageously leveraging the non-linearity of the 
assay complex response to improve the signal-to-noise ratio, as discussed above. Specifically, Meade 
does not teach or suggest "applying an input waveform to said electrode to generate an output waveform 
comprising a harmonic component" or "analyzing said harmonic component to determine the presence 
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of said target analytes" as in claim 1 1 . Applicants submit, therefore that Megerle and Meade, taken alone 
or in combination, fail to disclose all limitations of Applicants' claim 11. Further, claim 13 is dependent 
from and contains all limitations of claim 11. Accordingly, Applicants respectfully request that the 35 
U.S.C. §1 03(a) rejection of claims 1 1 and 13 over Megerle in view of Meade be withdrawn. 

Claims 12, 19, 21 , and 23-27 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over 
Megerle as applied to claims 1 1 and 13, and further in view of Meade and Giancoli. Applicants note that 
claims 12, 21, and 23-27 have been cancelled, obviating the rejection. However, in the interest of a 
complete response, Applicants demonstrate below that at least claim 11 is patentable over the 
combination of references. 

Megerle and Meade are discussed above. 

Giancoli is a physics text that discusses well known properties of AC signals. 

Applicant submits that Giancoli clearly fails to disclose advantageously leveraging the non-linearity 
of the response to improve the signal-to-noise ratio, as discussed above. Specifically, Giancoli does not 
teach or suggest "applying an input waveform to said electrode to generate an output waveform 
comprising a harmonic component" or "analyzing said harmonic component to determine the presence 
of said target analytes" as in claim 1 1 . Applicants submit, therefore that Megerle, Meade, and Giancoli, 
taken alone or in combination, fail to disclose all limitations of Applicants' claim 11. 

Claims 12, 16, 21, and 22 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over 
Megerle in light of Meade as applied to claims 11 and 13 above, and further in view of Singhal et al. 
Again, Applicants note that claims 12, 16, 21 , and 22 have been cancelled, obviating the rejection. In the 
interest of a complete response, however, Applicants address Singhal below. 

Megerle and Meade are discussed above. 

Singhal discloses electrochemical detection of purine- and pyrimidine-based nucleotides with 
sinusoidal voltammetry. Singhal discloses analysing harmonic components of the output signal to identify 
the presence of nucleotides. 

The Examiner states that it would have been obvious to simply replace one detection method 
(cyclic voltammetry) with another detection method (sinusoidal voltammetry) for the detection of nucleic 
acid hybridization. 

Applicants reiterate that Singhal fail to teach or suggest analyzing a harmonic component of an 
output waveform to determine the presence of a target analyte where the target analyte is contained in 
an assay complex further comprising an electron transfer moiety (ETM), as in Applicants' claim 11. 
Singhal discloses instead the detection of nucleic acids that adsorb on a copper surface (see page 3554, 
col. 2, paragraph 3). The electroactive response is explained by the mechanism for the oxidation of 
sugars and amines on copper (page 3554, col. 2, paragraph 3, and page 3557, col.1, paragraph 2). 
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In contrast, Applicants recite a system comprising an assay complex comprising an electron 
transfer moiety (ETM). Applicants submit that Singhal fails to provide the motivation to use harmonic 
analysis and other electronic techniques for systems comprising an assay complex comprising an electron 
transfer moiety (ETM). Accordingly, Applicants submitthatat least claim 11 is patentably distinct therefore 
over the combination of Megerle, Meade, and Singhal. 

Claims 12 and 17 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over Megerle in 
light of Meade as applied to claims 1 1 and 1 3 above, and further in view of Cheever et al. Further , claim 
18 was rejected under 35 U.S.C. §1 03(a) as being unpatentable over Megerle in light of Meade and 
Cheever as applied to claims 1 1 -1 3 and 1 7 above, and further in view of Wood et al. Applicants note that 
claims 12, 17, and 18 have been cancelled, obviating the rejection. In the interest of a complete response, 
however, Applicants discuss Cheever and Wood below. 

Megerle and Meade are discussed above. 

Cheever is directed toward the use of Fast Fourier Transforms (FFTs) to perform correlations on 
DNA sequences. More specifically, Cheever recites methods to save processing time when comparing 
DNA sequences. 

Wood is directed toward the use of a joint time-frequency transform (JTFT) to analyze cardiac 
vibrations. 

As with Megerle and Meade above, Applicants submit that Cheever and Wood fail to disclose 
exploiting the non-linearity of the assay complex response, as disclosed by Applicants and recited in 
claim 1 1 . Applicants' claim 1 1 clearly recites "applying an input waveform to said electrode to generate 
an output waveform comprising a harmonic component" and "analyzing said harmonic component to 
determine the presence of said target analytes". Applicants submit that the combination of Megerle, 
Meade, and Cheever or Megerle, Meade, and Wood still fail to recite all limitations of Applicants claim 1 1 . 

Claims 20 and 22 were rejected under 35 U.S.C. §1 03(a) as being unpatentable over Megerle in 
light of Meade as applied to claims 11 and 13 above, and further in view of Nederlof et al. Applicants 
submit that claim 22 has been cancelled, obviating the rejection. However, in the interest of a complete 
response, Applicants discuss Nederlof below, 

Nederlof is directed toward the detection of hybridization with fluorescence. Nederlof discloses 
the use of digital filters to improve the detection capabilities. 

The Examiner states that it would have been obvious to use digital filtering to detect nucleic acid 
hybridization using image cytometry comprising a digital filter in view of Megerle in light of Meade and 
Nederlof, because the simple replacement of one electronic detection method (cyclic voltammetry) from 
another electronic detection method (image cytometry) in the detection of nucleic acid hybridization would 
have been prima facie obvious at the time the invention was made. 



-8- 




Serial No.: 09/397,957 

Filing Date: 1 7 September 1 999 

As with Megerle and Meade above, Applicants submit that Nederlof fails to disclose exploiting the 
non-linearity of the assay complex response, as disclosed by Applicants and recited in claim 11. 
Applicants claim 1 1 clearly recites "applying an input waveform to said electrode to generate an output 
waveform comprising a harmonic component" and "analyzing said harmonic component to determine the 
presence of said target analytes". While Nederlof does advantageously employ digital filtering, the 
reference is concerned with fluorescence, and image improvement, not the enhancement of an 
electrochemical signal generated by electron transfer through a nucleic acid. Applicants submit that the 
combination of Megerle, Meade, and Nederlfo still fail to recite all limitations of Applicants claim 1 1 . Claim 
20 depends from and includes all limitations of claim 1 1 . Accordingly, Applicants request that the 35 
U.S.C. §1 03(a) rejection of claim 20 be withdrawn. 

New Claims 

Applicant has added new claims 28-50 which further distinguish over the cited art. For example, 
Claim 28 further recites an electrode having an asymmetrical response to the input waveform. Claims 29 
and 30 recite particular features of embodiments of the electron transfer moiety. Claims 31-34 recite 
additions to the sample including a co-reductant or co-oxidant. The cited art fails to disclose or suggest 
these features. Other of the added claims present other features that are neither disclosed nor suggested 
by the cited art. 

CONCLUSION 

Accordingly, Applicant submits that the claims are now in condition for allowance and an early 
notification of such is earnestly solicited. The Examiner is invited to telephone the undersigned attorney 
j n the event that further issues are identified that would preclude allowance of the claims. 

While Applicant believes that no further fees are due at this time, the Commissioner is authorized 
to charge any fees that may be due as a result of filing this amendment, including additional claims fees 

/// 
/// 
/// 
/// 
/// 
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not already paid for, or other fees that have not been separately paid, to Deposit Account 06-1 300 (Order 
No. A-65686-1/RFT/RMS/RMK). 



Four Embarcadero Center - Suite 3400 
San Francisco, California 94111-4187 
Tel.: (415) 781-1989 
Fax: (415) 398-3249 



Respectfully submitted, 

DORSEY & WHITNEY LLP 




Bfiee M. KosSlak, Reg. No. 47,717 
Robin M. SilVa, Reg. No. 38, 304 
Filed under 37 C.F.R. § 1.34(a) 



SF-1077372v1 
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APPENDIX WITH MARKINGS SHOWING CHANGES MADE 
Claims 12, 13, 16-18, and 21-27 were canceled. 

Claims 11, 14, 15, 19, and 20 were amended as follows. 

1 1 . (Amended) A method of determining the presence of target analytes in a sample comprising: 

a) applying sai^s^ an array comprising a plurality of electrodes, at least one of 
which comprises an assay complex|comprising: 

i) a capture binding ligand covalently attached to said electrode; 

ii) a target analyte; and 

iii) an electron transfer moiety; ^ 

b) applying §S^U^^ 

harmonic ^ ele ctron i c first i nput 3igna i ;:to 3a i d assay complex ; 

c) detecting iajg^^ e l ectron i c output s i gna l; 

d) analy^g M^ 0Qid detected output 3ignol to determine the 
presence of said target analytes. 

14. (Amended) A method according to claim 1 1-©M£ wherein said target analyte is a nucleic acid. 

1 5. (Amended) A method according to claim 1 1-oM£ wherein said target analyte is a protein. 

1 9. (Amended) A method according to claim 1 1 , 12 or 13 wherein said processing ^aljgHlcomprises 
the use of a peak recognition scheme. 

20. (Amended) A method according to claim 1 1 , 12or 13 wherein said procc33 i ng bnajyzingjcomprises 
a digital filter. 

New claims 28-50 were added. 



-11 - 



Serial No.: 
Filing Date: 



09/397,957 

17 September 1999 



Appendix A: Pending Claims 



1 1 . (Amended) A method of determining the presence of target analytes in a sample comprising: 

a) applying said sample to an array comprising a plurality of electrodes, at least one of which 
comprises an assay complex comprising: 

i) a capture binding ligand covalently attached to said electrode; 

ii) a target analyte; and 

iii) an electron transfer moiety; 

b) applying an input waveform to said electrode to generate an output waveform comprising a 
harmonic component; 

c) detecting said output waveform at said electrode; 

d) analyzing said harmonic component to determine the presence of said target analytes. 

14. (Amended) A method according to claim 1 1 wherein said target analyte is a nucleic acid. 

15. (Amended) A method according to claim 1 1 wherein said target analyte is a protein. 

19. (Amended) A method according to claim 11, wherein said analyzing comprises the use of a peak 
recognition scheme. 

20. (Amended) A method according to claim 11, wherein said analyzing comprises a digital filter. 

28. (New) The method of claim 1 1 , wherein said electrode has an asymmetrical response to said input 
waveform. 

29. (New) The method of claim 28, wherein said electron transfer moiety is degradable. 

30. (New) The method of claim 29, wherein said electron transfer moiety is luminol. 

31 . (New) The method of claim 28, further comprising adding a co-reductant to said sample. 

32. (New) The method of claim 31, wherein said co-reductant is ferrocyanide. 

33. (New) The method of claim 31, wherein said co-reductant has a lower redox potential than said 
electron transfer moiety. 

34. (New) The method of claim 28, further comprising adding a co-oxidant to said sample. 

35. (New) The method of claim 28, wherein said asymmetrical response is due to an enzyme-coupled 
reaction. 

36. (New) The method of claim 1 1 , wherein said input waveform is a voltage waveform and said output 
waveform is a current waveform, wherein said input waveform comprises an AC component having a first 
frequency and a first amplitude, and wherein said first amplitude is selected such that said output 
waveform comprises at least one non-linear harmonic component. 
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37. (New) The method of claim 11, wherein said harmonic component is chosen from the group 
consisting of the second, third, fourth, fifth, sixth, seventh, eighth, ninth, and tenth harmonic components. 

38. (New) The method of claim 11, wherein said method comprises analyzing a plurality of harmonic 
components of said output waveform. 

39. (New) The method of claim 1 1 , wherein said input waveform comprises a square wave. 

40. (New) The method of claim 39, wherein said harmonic component is an even harmonic component. 

41 . (New) The method of claim 1 1 , further comprising computing a fast fourier transform of said detected 
output waveform. 

42. (New) The method of claim 11, further comprising computing a joint time-frequency transform of said 
detected output waveform. 

43. (New) The method of claim 1 1 , wherein said input waveform comprises a plurality of components, 
each having a different frequency. 

44. (New) The method of claim 1 1 , further comprising fitting said harmonic component to a first curve 
and a second curve, wherein said first curve describes a Faradaic signal and said second curve describes 
a background signal. 

45. (New) The method of claim 44, wherein said first curve is based, at least in part, on a modified 
Gaussian distribution. 

46. (New) The method of claim 44, wherein said second curve is a fifth order polynomial. 

47. (New) The method of claim 44, wherein said fitting comprises minimizing a mean square error. 

48. (New) The method of claim 46, wherein said fitting said fifth order polynomial comprises using 
singular value decomposition. 

49. (New) The method of claim 11, wherein said analyzing comprises digital filtering. 

50. (New) The method of claim 49, wherein said filtering utilizes a filter chosen from the group consisting 
of a match filter, a weiner filter, and a kalman filter. 
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